Purpose To evaluate effects of intravitreal ranibizumab and bevacizumab administration on ambulatory blood pressure monitoring (ABPM) recordings in normotensive patients with age-related macular degeneration (AMD). Patients and methods A total of 72 patients (mean age: 61.8(6.2) years, 52.8% were females) diagnosed with AMD were included in this study as divided into ranibizumab (n = 34) and bevacizumab (n = 38) treatment groups. Twenty-four hour, nighttime, and daytime ABMP values for systolic and diastolic BP were recorded in study groups before and after the third intravitreal injection of ranibizumab or bevacizumab. Results Ranibizumab injection had no impact on ABPM recordings and dipping status. In the bevacizumab group, increased daytime (129.0(6.6) vs 127.7(6.6) mm Hg, P = 0.002) and nighttime systolic (116.9(7.5) vs 112.6(7.1) mmHg, po0.001) BP and decreased daytime diastolic (80.1(6.5) vs 82.4(6.1)mm Hg, P = 0.001) BP were noted in the post-injection period. Also, percentage of non-dippers was significantly increased from 5.3% at preinjection to 28.9% (P = 0
Introduction
Age-related macular degeneration (AMD) is the leading cause of severe irreversible vision loss related to choroidal neovascularization (CNV) in the elderly. [1] [2] [3] Intravitreal administration of anti-vascular endothelial growth factor (VEGF) agents, including ranibizumab (Lucentis; Genentech, San Francisco, CA, USA) and bevacizumab (Avastin; Genentech) have become widely used in the management of CNV in patients with AMD. 4, 5 Ranibizumab was initially approved in the US for the treatment of neovascular (wet) AMD in 2006 followed by approvals for retinal vein occlusion in June 2010, and for diabetic macular edema in August 2012. However, bevacizumab is not US Food and Drug Administrationapproved for intraocular use, but is widely used off-label for the treatment of neovascular and exudative ocular diseases since May 2005. [5] [6] [7] Ranibizumab has been reported to improve vision in at least 41% of the 0.5-mg-treated group and 34% of the 0.3-mg-treated group, and to improve visual acuity within a range of 7.2-11.3 letters for the entire spectrum of CNV 8, 9 and well tolerated in patients with AMD. 10 In contrast to high-dose systemic intravenous bevacizumab application that was associated with hypertension and an increase in thromboembolic risk, 11 intravitreal bevacizumab injection has been reported to be a safer procedure in terms of blood pressure (BP) for both hypertensive and normotensive patients. [12] [13] [14] [15] However, several cases of acute elevation of systemic BP, cerebrovascular accidents, myocardial infarction, and transient ischemic attack were also reported. 4, [16] [17] [18] [19] Although the mechanism of hypertension due to antiangiogenic therapy is not yet elucidated, nitric oxide (NO)-related mechanisms has been considered in the pathogenesis on the basis of VEGF-mediated increased endothelial NO synthase expression by activation of protein kinase C pathway, leading to an increase in arterial pressure. 20 High nocturnal BP in older patients has been associated with increased risk of cardiovascular complications, 21 while blunted nocturnal decline in BP has been linked to the accelerated hypertensive target organ damage, as well as increased vascular morbidity and mortality. [22] [23] [24] [25] [26] Ambulatory blood pressure monitoring (ABPM) has been considered to be more advantageous than office measurement of BP in terms of identification of nocturnal decline in BP levels as well as higher consistency reported with target organ damage. 27 Given that majority of patients with AMD are seniors with other comorbidities, increased BP values in particular, 15 studying the impact of intravitreal anti-VEGF agents on the dipper and nondipper categorizations of BP profiles among AMD patients may help physicians to be well-informed about the potential risks of these agents and thus to base their use on firm scientific rationale and sound medical evidence. 15, 28, 29 In the light of the above-mentioned points, this study was designed to evaluate short-term effects of intravitreal ranibizumab and bevacizumab administration on 24-h ABPM recordings in normotensive patients with AMD.
Materials and methods

Study population
A total of 72 patients (mean age: 61.8 (SD:6.2, ranged 53-81) years, 52.8% were females) diagnosed with increased central retinal thickness due to wet AMD on optical coherence tomography were included in this study, as divided into two groups according to type of intravitreal anti-VEGF injections applied, including ranibizumab (n = 34) and bevacizumab (n = 38) treatment groups.
Patients with AMD-related increased central retinal thickness, characterized by subretinal fluid and/or cystic changes within the retina, and findings of choroidal neovascular membrane on fluorescein fundus angiography were included in the present study. Patients with co-morbid hypertension or concomitant antihypertensive treatment were excluded from the study, while patients with systolic/diastolic BP levels of 4140/90 mm Hg (Grade 1 hypertension according to European Society of Hypertension (ESH)/European Society of Cardiology (ESC) guidelines) 30 at baseline were referred to the internal medicine department for further investigation and excluded from the study, if they were prescribed with an antihypertensive medication.
Written informed consent was obtained from each subject following a detailed explanation of the objectives and protocol of the study, which was conducted in accordance with the ethical principles stated in the 'Declaration of Helsinki' and approved by the institutional ethics committee.
Study parameters
The data on patient demographics and ophthalmic examination findings were recorded in each patient. Twenty-four hour, nighttime and daytime ABMP values for systolic and diastolic BP levels were recorded in ranibizumab and bevacizumab treatment groups before (pre-injection) and after (post-injection) the third intravitreal injection of ranibizumab or bevacizumab.
Ophthalmic procedures
This prospective, randomised study was carried out between December 2013 and December 2015. Both intravitreal injection types were explained to patients in detail. At enrollment, patients were randomized sequentially by a blinded study coordinator to the ranibizumab and bevacizumab group after informed consent was obtained.
At each visit, patients were routinely evaluated for visual acuity using Snellen chart as well as ophthalmic examination, including slitlamp and biomicroscopic fundus examination. Ocular imaging consisted of fluorescein angiography and/or optical coherence tomography at the time of ranibizumab injection and at each visit.
Only one eye of each patient was injected with ranibizumab or bevacizumab. Antibiotic eye drops were not used prior to administration. All eyes received a single dose of ranibizumab or bevacizumab. First, the eye was topically anesthetized with 0.5% propacaine and povidoneiodine (10%) scrub was performed on the eyelids and lashes. Then, a sterile speculum was placed between the lids and povidone-iodine (5%) drops were applied over the ocular surface three times. Additional topical anesthesia was achieved by applying a sterile cotton swab soaked in sterile 4% lidocaine to the area designated for injection in the inferotemporal quadrant. Ranibizumab (Lucentis, Genentech) or bevacizumab (Avastin, Genentech) were injected through the pars plana into the vitreous cavity inserted into the sclera 3-4 mm posterior to the limbus using a 30-gauge needle attached to a tuberculin syringe. Following the procedure, light perception was evaluated and the intraocular pressure was monitored until it was below 21 mm Hg. Then, the patients were instructed to apply topical antibiotics to the injected eye four times a day for 1 week. All patients received a phone call within 24 h to check their health status and were reminded to use their antibiotic drops as prescribed.
ABPM recordings
BP levels were recorded before and after the third intravitreal injection of ranibizumab or bevacizumab, based on single-measurement via manual auscultatory technique in the non-dominant arm prior to injection and 24-h ABPM using a portable noninvasive recording device (Model 90207, Spacelabs, Inc. Redmond, Washington, DC, USA) 24-h before and after the injection. All patients were graded according to pre-and post-injection values for overall, nighttime and daytime systolic and diastolic BP levels. Manual auscultatory BP measurements were done in cardiology service by the same physician in the same conditions and blood pressure determination was blinded from treating physician.
Twenty-four hour ABPM was obtained with BP readings set at 20 min intervals (06:00 AM -24:00 PM) and at 30 min intervals (24:00 PM -06:00 AM) ABPM. Patients were asked to continue with their normal daily routine and to record when they went to sleep and when they woke up. The data were transferred to a computer and loaded into ABPM report management system software for the final analysis using ABPM-FIT program (University of Heidelberg, Germany, version 2.2). For each 24-h measurement, mean systolic and diastolic BP levels were evaluated separately for daytime and nighttime periods. Arterial daytime and nocturnal hypertension were diagnosed according to the criteria of the according to ESH/ESC guidelines 30 (systolic BP ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm Hg, systolic BP 4120 mm Hg and diastolic BP 470 mm Hg). The nondominant arm was the site of cuff placement for ABPM. The ambulatory monitor had to agree with a mercury column sphygmomanometer to within 7 mm Hg, while patients with failure of ≥ 25% of BP recordings on a daily basis were not subjected to final analysis.
Definition of dippers and non-dippers
Time in bed was defined based on the patient-kept diary that documented the exact time of getting into and arising from bed. The average BP for this time in bed was calculated from the ambulatory monitoring data (termed nighttime BP). Daytime BP was defined as the BP during the remainder of the 24-h period. The percentage decline in nighttime BP was calculated as follows: 100 × (1-nighttime mean SBP/ daytime mean SBP). Patients with a decline in nighttime BP of o10% were considered to be non-dippers. 25 
Statistical analysis
Statistical analysis was made using MedCalc Statistical Software version 12.7.7 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2013). χ 2 test and McNemar test were used for the comparison of the categorical data, while the numerical data were analyzed using paired sample t-test. The data were expressed as 'mean (SD)' and percent (%), where appropriate. Po0.05 was considered statistically significant.
Results
Pre-and post-injection values for ABPM in treatment groups
Overall, pre-injection and post-injection ABPM values for 24-h, nighttime and daytime systolic and diastolic BP were similar in the ranibizumab group (Table 1) .
In the bevacizumab group, post-injection values for 24-h systolic (124.8(6.5) vs 122.5(6.7)mm Hg, P = 0.001), daytime systolic (129.0(6.6) vs 127.7(6.6) mm Hg, P = 0.002) and nighttime systolic (116.9(7.5) vs 112.6(7.1) mm Hg, Po0.001) BP were significantly higher as compared with pre-injection values. Post-injection values for 24-h diastolic (77.3(6.2) vs 79.1(6.1) mm Hg, P = 0.003) and daytime diastolic (80.1(6.5) vs 82.4(6.1) mmHg, p = 0.001) BP were significantly lower as compared with pre-injection values, whereas no significant difference was observed in pre-injection vs post-injection values in terms of nighttime diastolic BP (Table 1) .
Dipping status in the pre-injection and post-injection periods with respect to treatment groups Ranibizumab injection had no significant impact on dipping status with similar percentage of dippers (94.1 and 88.2%) and non-dippers (5.9 and 11.8%) in the preinjection and post-injection periods, respectively (Table 2) .
Bevacizumab injection had significant impact on dipping status with significant increase in the percentage of non-dippers from 5.3% at pre-injection to 28.9% (P = 0.004) at the post-injection period (Table 2) .
Ranibizumab and bevacizumab groups were similar in terms of percentage of non-dippers patients in the preinjection (5.9 vs 5.3%, respectively, P = 0.6867) and postinjection (11.8 vs 28.9%, respectively, P = 0.1354) periods ( Table 2) .
Safety of intravitreal anti-VEGF administration
Both in ranibizumab and bevacizumab groups, one patient experienced sub-conjunctival hemorrhage 2 days after third injection of bevacizumab, which was resolved in three weeks without medication.
Discussion
Our findings in a cohort of normotensive AMD patients who received the third intravitreal anti-VEGF injections of ranibizumab or bevacizumab revealed no significant impact of intravitreal ranibizumab administration on ABPM recordings and dipping status. Intravitreal bevacizumab injection on the other hand was associated with increased levels of 24-h, daytime and nighttime systolic BP and decreased levels of 24-h and daytime diastolic BP as well as increased percentage of nondippers.
Earlier diastolic BP response to an intravitreal bevacizumab injection was reported in normotensive than in hypertensive patients with AMD. The fact that blood vessels in the normotensive population have preserved their physiological function in terms of vasodilatation and vasoconstriction has suggested them to respond more promptly to an intravitreal bevacizumab injection. 15 Accordingly, bevacizumab was associated with increased systolic BP at both daytime and nighttime recordings, while decreased diastolic BP only in daytime recordings in our cohort. An international intravitreal bevacizumab safety survey reported that 0.21% of the patients (n = 15) experienced a mild increase in BP following bevacizumab administration. 4 Likewise, mild elevation of systolic BP after systemic bevacizumab administration for neovascular AMD was reported by Michels et al. 31 Also, Rich et al 32 monitored the BP for 3 months after intravitreal bevacizumab administration for the treatment of neovascular AMD and reported that the mean systolic BP increased from 131 mm Hg at baseline to 148 mm Hg at month 1, while the mean diastolic BP (80 mm Hg) remained unchanged along with no apparent change in systolic and diastolic BP levels at month 2.
Evaluation of the effects of intravitreal injection of bevacizumab on systemic BP changes in hypertensive or normotensive group of patients with exudative form of 
Eye
AMD by Risimic et al 15 revealed no significant changes in systolic BP in either the hypertensive or the normotensive group of participants over the entire 6 weeks follow-up period. Also, significant decline in diastolic BP levels was reported 7 days after the intravitreal bevacizumab injection in the hypertensive group, while only 1 h after bevacizumab injection in the normotensive group, and both resolved 6 weeks after drug administration and not observed in later checkups. 15 Failure to identify any significant alteration in BP levels as well as in the short-term BP regulation under antiangiogenic therapy in some studies has been associated with the fact that frequency of BP elevation is a function of treatment duration. 33, 34 We have recently described the increased BP levels via intravitreal bevacizumab similarly in hypertensive and normotensive patients 3 weeks after the intravitreal bevacizumab injection. Also, we have reported the normalization of BP levels at week-6 in normotensive patients, while persistence of high BP levels in some of the hypertensive patients that may be associated with the clearance of the drug from the systemic circulation. 35 Significant dose-dependent increase in risk of hypertension in patients who received bevacizumab was also reported along with findings on a uniform decrease in hypertension by the cessation of therapy. 20 In studies on the relation of systemic bevacizumab treatment to BP in oncology patients, the median interval to incident hypertension was estimated at 4.5-6 months from initiation of bevacizumab therapy. 36, 37 Considering intravitreal application of the agent, bevacizumab injection has been considered to be safe in terms of BP changes over 6 weeks post administration and thus regular follow-up for 6 weeks has been recommended for the prompt recognition and early treatment of individuals with altered BP values. 15 Accordingly, our findings in bevacizumab group support the mild elevation of BP after bevacizumab demonstrated in previous studies, 4, 31, 32 while given that changes in ABPM recordings were based on measurements taken after the third intravitreal injection in the present cohort, our finding seem not to support the normalization of BP changes at least after 6 weeks, 15, 35 8 weeks, 32 or 12 weeks 4,31 of injection reported in other cohorts.
Nevertheless, it should be noted that in relation to lack of a standard and systematic method of measuring parameters such as BP and other adverse events following the intravitreal administration of bevacizumab, observer bias has been assumed to be considerably high. 15, 38 On the basis of a positive correlation between more severe hypertension and higher VEGF in hypertensive patients, 39 which seems a paradoxical finding since lower serum VEGF levels might predispose to a hypertensive state, hypertension has been considered likely to be a disease of inappropriate response to angiogenic growth factors (AGF). 40 This seems consistent with the hypothesis that higher levels of VEGF are produced in response to endothelial trauma and that improved BP control would lead to reduced VEGF levels. 39 The mechanism of action of bevacizumab as a VEGF inhibitor has been considered to include the diminished synthesis of NO, a vasodilator, which leads to increase in peripheral resistance and, ultimately, increase in BP. 20, 41, 42 Using bolus injections of VEGF to stimulate angiogenesis was reported to be associated with potentially lethal levels of hypotension, which was ameliorated by the use of lower doses of VEGF intravenously by Yang et al. 43, 44 Given the consistently reported dose-dependency of VEGF-induced NO release, 43, 44 we preferred to evaluate the effects of intravitreal anti-VEGF agents on BP among patients after the third injection. Consistent with the postulation of NO-mediated pathways in the pathogenesis of hypertension due to anti-angiogenic therapy 20 and the likelihood of a central role of endothelial dysfunction in the development of VEGFinduced hypertension, we observed a higher frequency of an abnormal BP profile at night after systemic bevacizumab administration.
Reduction in blood-VEGF levels in the first day postintravitreal bevacizumab injection was reported to be associated with detection of bevacizumab in the systemic blood circulation and thus the potential systemic effects. 45 Hence, insufficient decline in nighttime BP in bevacizumab rather than ranibizumab in the present study may be associated with the longer systemic half-life of bevacizumab as compared with ranibizumab. 46 This finding seems notable, given the consistently reported association between a non-dipper BP profile and an increased risk of target organ damage at the cardiac, renal, vascular, and cerebrovascular levels in several studies involving subjects with uncomplicated essential hypertension. [22] [23] [24] [25] [26] Increased nighttime systolic BP under bevacizumab treatment in our cohort is also worth noting, given the consideration of high nocturnal BP in older patients with systolic hypertension to be a potent predictor of subsequent cardiovascular complications. 21 Since majority of patients with AMD are seniors with other comorbidities, increased BP values in particular, paying special attention to this specific population has been suggested when considering bevacizumab treatment, given the likelihood of an eventual additional increase in BP. 15 While the two treatment groups did not differ significantly with respect to their effect on the dipping status, this seems likely to be associated with small sample size of the study. Accordingly, on the basis of no influence on normal nighttime decline in BP levels, ranibizumab seems to be a safer therapeutic option in patients with family history of hypertension and require multiple consecutive intravitreal anti-VEGF injections.
In conclusion, our findings in a cohort of normotensive patients with subfoveal choroidal neovascularization due to AMD revealed intravitreal bevacizumab injection to be associated with increased daytime and nighttime systolic BP, decreased daytime diastolic BP and increased percentage of non-dippers. In this regard, given that it has no significant impact on 24-h, daytime and nighttime ABPM recordings as well as on dipping status, intravitreal ranibizumab injection seems to offer a safer therapeutic option in the management of AMD, particularly for patients with family history of hypertension and require multiple intravitreal anti-VEGF injections. Additionally, our findings emphasize the beneficial role of 24-h ABMP monitoring in comprehensive evaluation of BP status, and thereby prompt identification and early intervention of complications in patients undergoing intravitreal anti-VEGF administration, particularly for patients with hypertension and high risk of cardiovascular side effects. The effects of anti-VEGF agents on BP should be investigated in longer-term studies to be able to appropriately address the dose dependency and maintenance of BP alterations.
Summary
What was known before K In CATT, IVAN, and GEFAL studies, there were no statistically significant difference between drugs in the rate of arteriothrombotic events, systemic hemorrhage, congestive heart failure, venous thrombotic events, hypertension, and vascular death.
What this study adds K Normotensive patients with subfoveal choroidal neovascularization due to AMD revealed intravitreal bevacizumab injection to be associated with increased daytime and nighttime systolic BP, decreased daytime diastolic BP, and increased percentage of non-dippers. No significant impact on 24-h, daytime and nighttime ABPM recordings as well as on dipping status, intravitreal ranibizumab injection seems to offer a safer therapeutic option in the management of AMD, particularly for patients with family history of hypertension and require multiple intravitreal anti-VEGF injections.
